Motivation: Information about metabolic pathways in a comparative context is one of the most powerful tool to help the understanding of genome-based differences in phenotypes among organisms. Although several platforms exist that provide a wealth of information on metabolic pathways of diverse organisms, the comparison among organisms using metabolic pathways is still a difficult task. Results: We present TabPath (Tables for Metabolic Pathway) , a web-based tool to facilitate comparison of metabolic pathways in genomes based on KEGG. From a selection of pathways and genomes of interest on the menu, TabPath generates user-friendly tables that facilitate analysis of variations in metabolism among the selected organisms. Availability and implementation: TabPath is available at http://200.239.132.160:8686. Contact:
Introduction
Comparative genomics analyses require inference about function and evolution of cellular processes in order to better understand biological questions such as the origin and spread of microbial diseases, adaptation to environments, degradation of compounds of interest, among others (Alfoldi and Lindblad-Toh, 2013; Meadows and Lindblad-Toh, 2017) . Among the tools for metabolic pathway analysis, MetaCyc (Caspi, 2006) and KEGG (Kanehisa and Goto, 2000) are the most popular. In spite of the tremendous amount of development devoted to these platforms, it is still difficult to use them to integrate information from different organisms and different metabolic pathways.
Here we describe TabPath, a computational tool that allows simultaneous comparison of multiple pathways and genomes, generating analytical reports that are easy to understand. TabPath is a web service based on KEGG (Kanehisa and Goto, 2000) .
General pipeline and applications
Metabolic and genetics information present on TabPath was collected by means of KEGG official REST API. The data was formatted in JSON files and stored in a MongoDB file server. These JSON files were assembled and indexed to speed up the response time for Applications Note user queries. User requests are processed in the backend, developed with a Django framework. The frontend was developed using diverse Javascript features to provide a dynamic interaction with the user.
Comparative metabolism in the genomes
The primary functionality offered by TabPath is the metabolic comparison of several genomes. From a list, users select genomes and metabolic pathways (by descriptors or by KEGG access codes). After these choices are made a table is generated. We explain the results by reference to Figure 1 , which contains a result table from a particular run of the tool. The first column (Fig. 1A) shows the metabolic pathways selected by the user along with the total number of proteins/genes recorded for this pathway in KEGG. Some additional information about the pathways in Figure 1A is shown in Figure 1B to help provide more context for this example; TabPath does not generate the pathway summary shown in Figure 1B . The other columns show the selected genomes, including the number of genes. The table cells contain the number of genes that each genome has for the pathway in that row. If the user has chosen the 'Heat Map' in the initial menu, cells will be color-filled with largest values shown in red and smallest values in green. By clicking on values greater than zero, TabPath displays gene codes linked to their respective pages in KEGG. By clicking on the metabolic pathway name (first column), another table is displayed (Fig. 1C) . In this second table, the first column contains a description of each of the genes encoding the enzymes associated with the selected pathway with their respective EC numbers. The codes present in each cell show the locus tags of these genes in their respective genomes, sorted 
Functional and comparative metabolism
In this function, the user uploads a text file containing results from a gene or protein expression experiment carried out on an organism whose genome is available in KEGG. The tool then generates another table (Fig. 1D) . The first column contains the identifiers provided in the input file, linked with their respective KEGG pages. Each column contains one metabolic pathway. The pathways shown are those in which at least one enzyme in the input file can be found. A given gene may take part in more than one pathway; if so, the row corresponding to that gene in the respective columns will be ticked. Clicking on the pathway descriptor rearranges the rows, sorting all genes that have been ticked for that pathway in the upper part of the table, and opens a KEGG map. In this map, all the proteins/genes of the respective organism present in its genome are highlighted in green, and the proteins/genes that were expressed in the conditions analyzed are highlighted in red.
Application example
We demonstrate TabPath using several genomes of Xanthomonadaceae bacteria. Genomes of the genera Xanthomonas, Xylella (all of which are plant pathogens), Stenotrophomonas and Pseudoxanthomonas, and pathways associated with xenobiotics biodegradation and metabolism (benzoate degradation-00362, xylene degradation-00622) were selected for 'Comparative metabolism'. This choice was based on a work that identified a complete and functional metabolic pathway in Xanthomonas campestris (Wang et al., 2016) and is based on the fact that Pseudoxanthomonas spadix BD-a59 is able to metabolize benzene, ethylbenzene, toluene and xylene (BTEX) compounds (Choi et al., 2013) .
TabPath makes it immediately clear (Fig. 1A) that the degradation of 4-hydroxybenzoate (an integral part of pathway 00362) is well represented in the Xanthomonas genomes and in Pseudoxanthomonas spadix BD-a59, while being completely absent in Xylella and partially present in Stenotrophomonas. This evident metabolic difference between Xanthomonas and Xylella suggests that this may be the result of an adaptive process related to their plant pathogen lifestyles. Xanthomonas pathogens penetrate plant tissues using these compounds as an alternative source of carbon, thereby circumventing the plant defense system. Xylella, being obligatorily transferred by an insect directly to the woody vessels of the plant, would not need these routes to colonize plant tissues. Another example is the second row of Figure 1A . Pseudoxanthomonas spadix BD-a59 has many more genes for the xylene degradation pathway than all the other genomes considered.
In conclusion, TabPath is an easy-to-use web tool that facilitates comparison of metabolic pathways in genomes using the KEGG database.
